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Description 

The invention relates generally to methods and ap- 
paratus tor converting electrical signals to and from op- 
tical signals. More particularly, the invention relates to 5 
an optical fiber link card which serves as part of a com- 
munication module (not necessarily an enclosed or en- 
capsulated device) for converting between parallel elec- 
trical signals and serial optical signals, and to a process 
for fabricating the module. 10 

Many types of electro-optical converters and con- 
nectors are described in issued patents and the techni- 
cal literature. Commercially available devices are also 
presently available for performing these functions. 

Examples of patents which describe electro-optical 
converters and connectors include US-A-4.545.077, to 
Drapala et al, which teaches an electrical multiplex data 
bus operatively connected to an optical multiplex data 
bus by means of an electro-optical converter; and US- 
A-4.597.631, to,Fiores et al. which teaches a passive « 
electro-optical connector. 

The Drapala et al invention is an example of a serial 
electrical to serial optical converter. Drapala et al oper- 
ates as a tri-state repeater to effectively extend a three 
state data bus. The F lores invention is one of many con- 25 
nector devices that, although not dealing with electro- 
optical conversion per se, provides user access to trans- 
mitter/receiver assemblies via connectorized ports. The 
Flores device is an example of means for interconnect- 
ing both optical and electrical components in a hybrid so 
system. 

Commercially available connectorized electro-opti- 
cal converters for performing serial optical to serial elec- 
trical {and vice versa) conversion, are available from 
Siemens and other companies. These devices, which 35 
are compatible with FDDI standards, IBM equipment, 
etc., are capable of achieving approximately 200 
Mbits/sec. data rates. 

Another example of a commercially available serial 
to serial converter is the AT&T ODL-200. This device is 40 
also capable of achieving approximately 200 Mb its/sec. 
data rates. The AT&T ODL-200 is described in an article 
entitled "Transmitter and Receiver Integrated Circuits 
for a 200 Mbits/sec. Optical Data Link', published in the 
proceedings of the IEEE 1936 Custom Integrated Cir- *$ 
cuits Conference. 

The aforementioned commercially available devic- 
es utilize a single optical transmitter coupled through a 
fiber to a single receiver. Both the Siemens and AT&T 
devices allow full duplex communication with serial in- -50 
put/output. The receivers and transmitters used are hy- 
brid ceramic substrates in dual inline packages. These 
packages are either hermetically sealed or plastic en- 
capsulated. 

Transceiver packages are also commercially avail- ss 
able. For example, Mitsubishi Electric has made avail- 
able transceiver packages having line bit rates of ap- 
proximately 170 Mbits/sec.; using a laser diode driver 



and optical receiver which are integrated onto a single 
side of a card. Similar to the aforementioned Siemens 
and AT&T transmitter/receiver modules, the Mitsubishi 
transceivers process input and output serially. 

By placing the laser transmitter and receiver on the 
same side of a card, the Mitsubishi device requires 
means for electrically isolating these components. Typ- 
ically metal shielding is used. Providing this isolation has 
heretofore limited the ability to manufacture a compact 
card onto which a plurality of transmitter and receiver 
pairs could be mounted. 

Document Optical Fiber Communication Confer- 
ence, Houston, February 1 989, Vol. 5, Pages 83 and 84, 
describes opto/electronique link modules, wherein four 
receivers are integrated on a chip and four transmitters 
are integrated on a separate chip. 

Document: Proceedings of the 36th Electronic 
Components Conference, Seattle, May 1986, Pages 
280 and 281 describes an approach to fabricating a 
transmitter on one side of an four layer printed wiring 
board and a receiver on the other side, to achieve an 
optical fiber connector. 

The demand for improved electro-optical convert- 
ers and connectors is rapidly increasing as fiber optic 
technologies are adapted to provide solutions to per- 
formance and packaging problems associated with 
present day computer interconnect applications. More 
particularly, I/O pin limitations caused by use of wide 
parallel data busses, performance limitations on the 
length of electrical busses, and electromagnetic inter- 
ference problems, suggest that serial optical communi- 
cations be used to convey data at high speed between 
the parallel electrical busses to which computer compo- 
nents are often interconnected. The high data rates re- 
quired to service wide parallel data busses, the packag- 
ing flexibility of connectorized optical transmitter/receiv- 
er assemblies, and the necessity for user access to 
these connectorized ports, has led to the design of small 
feature cards to interconnect computer elements. 

One such card is included in the commercially avail- 
able PCO-2001 Series Parallel Lightwave Interface 
Module. This module performs parallel electrical signal 
to serial optical conversion (and vice versa) and features 
serial signal rates of up to approximately 100 Mbits/sec. 
A longwave LED is used for an optical source. Special- 
ized transmitter and receiver ICs are incorporated onto 
one side of a card and provide full duplex operation. 

The PCO-2001 card allows next level applications 
packages to interface with a high speed serial fiber optic 
link without adding to the design complexity of the next 
level packaging or performance requirements. Howev- 
er, the PCO-2001 card is problematic because of the 
electrical signal power needed for a LED source to drive 
data in the 200 Mbits/sec. range (twice that of the pub- 
lished data rate tor the PCO-2001 device); the size of 
the PCO-2001 card (attributable in part to providing the 
isolation required for the transmitter and receiver com- 
ponents mounted on the same side of the card); and the 
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inability to use a single, compact card to provide at least 
double lull duplex operation. 

Accordingly, it would be desirable if an optical fiber 
link card could be provided that supports a parallel user 
interface, such as a parallel data bus; performs parallel 
to serial conversion (and vice versa) for servicing a high 
speed serial optical link, where the optical transmitter 
on the card is capable of driving data in excess of 200 
Mbits/sec. without requiring the electrical signal power 
needed for an LED source; and can support at least dou- 
ble full duplex connections in less space then is pres- 
ently required to support single full duplex connections. 

Furthermore, it would be desirable if the arrange- 
ment of the transmitter and receiver devices on such a 
card, together with the card itself, provided means to iso- 
late transmitter and receiver electrical components with- 
out requiring excessive shielding or the amount of de- 
vice separation required by the prior art. 

Still further, it would be desirable if advantage could 
be taken of both sides of an optical data link card to in- 
crease the surface onto which components could be 
mounted to reduce card size. Further yet, it would be 
desirable to mount the optical components (and leads 
to these components) on the card in such a way as to 
facilitate easy access by a user and minimize lead ca- 
pacitance and inductance to thereby further improve 
card performance. 

To achieve the desired communication module 
many architecture, electrical and packaging problems 
need to be solved. For example, laser transmitters 
would be capable of achieving the desired data rates 
without requiring the electrical signal power required by 
LEDs; however, laser based systems must meet strin- 
gent safety requirements. 

From a safety point of view, it would be desirable if 
a laser based optical fiber link card could be developed 
that is "fait safe", i.e., is certifiably safe at other than a 
total system level (where the system usually includes 
both hardware and software). The ability to produce a 
self-contained transmitter/receiver function in a certifia- 
ble package, completely independent of user system in- 
terface hardware and software, would ease restrictions 
on system level usage of a laser based card. 

Many countries require certification of the 'producf 
with respect to laser light emissions. Prior art laser 
based optical link subassemblies have a dependency 
on the 'box" they are in to maintain compliance. If all the 
laser safety circuitry were on board the optical fiber fink 
card, then the card would become the 'product' that 
needs to be certified; not all the different models of box- 
es that it is used in. This would simplify the safety certi- 
fication process tor the user. More particularly, it would 
be desirable if an optical fiber link card could be devised 
that maintains known worldwide standards for class 1 
operation under a single component failure. 

In addition to all of the above, it would be desirable 
if an optical fiber link card communication module con- 
taining the features described hereinbefore also (1 ) pro- 



vides a byte sync signal to the user, since many optical 
link subassemblies deliver fragmented parallel data; (2) 
provides a fault line to the user to aid in determining 
which end of an optical link suffers a failure; (3) provides 

£ an electrical wrap capability for diagnostic purposes; (4) 
requires only a single +5 volt supply which would make 
the card compatible with single voltage logic families; 
(5) maintains good thermal isolation between the elec- 
tronics and the laser; (6) provides a package adaptable 

w to multiple next level packaging; (7) uses standard sur- 
face mount assembly techniques instead of the expen- 
sive ceramic hybrid hermetic packaged subassem blies 
(particularly for the optical drivers and receivers) used 
by the prior art to achieve high data rates; and (8) is 

is compact, i.e., small in size and height compared to 
known systems. 

It is an object of the invention to provide a high 
speed optical fiber link card communication module that 
is capable of transmitting (or receiving) approximately 

20 200 Mbits/sec. data serially over fiber optic media and 
which provides a parallel electrical interface to the user. 

It is a further object of the invention to contain the 
high frequency signals coming off of (or going onto) the 
serial link, and serializer/deserializer functions, to the 

25 link card itself. 

It is still a further object of the invention to provide 
an optical fiber link card communications module that 
can provide at least a double full duplex, where the card 
is compact and maintains a small form factor (for high 

30 density packaging) as compared with prior art devices, 
while maintaining a low height profile to the next level 
package to which it attaches. 

Further still, it is an object of the invention to provide 
an optical fiber link card communication module that uti- 

35 lizes laser transmitters and provides self contained laser 
safety features so as to be certifiably safe, independent 
of user interface hardware or software. 
In particular, it is an object of the Invention to provide 
safe, class 1, laser operating conditions under single 

40 fault conditions, and to provide means which facilitate 
the detection of laser failures and provide an indication 
of such failures to the user to aid in fault diagnosis. 

Other objects of the invention include providing a 
module that outputs a byte synchronization signal to the 

45 user and non -fragmented parallel data; and providing a 
module that maintains good thermal isolation between 
the electronics and optical devices (in particular lasers) 
utilized. 

According to the invention, a double sided surface 
so mount optical fiber link card is used as part of a commu- 
nication module that provides a parallel electrical inter- 
face to the user and transmits/receives high speed serial 
data over an optical data link. The card includes means 
for interfacing with at least one n-bit wide parallel elec- 
ts trical data bus; means for interfacing with at least one 
high speed optical data link; and a plurality of converters 
for performing conversion between both electrical and 
optical signals. At least one of these converters includes 
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serializer means for serializing parallel data input for 
transmission, and modulating the serialized transmit da- 
ta onto a semiconductor laser mounted on the card. At 
least one other converter includes an optical receiver (e. 
g., a PIN photodiode), amplifier and deserializer means, 
for respectively receiving, amplifying and recovering the 
clock to drive n-bit wide receive data onto a parallel bus. 

According to one embodiment of the invention the 
optical components are edge mounted and have their 
leads mounted on the surface of the card (as opposed 
to standard pin-in-hole type leads) to minimize lead ca- 
pacitance and inductance. Additionally, control means 
for the converters, and safety shut down means, are lo- 
cated on the same card as the electrical and optical 
components. 

According to the invention, the optical communica- 
tion module, includes a single multilayer double surface 
mount optical fiber link card having a plurality of con- 
verters mounted thereon, for converting between paral- 
lel electrical signals and serial optica! signals, wherein 
said optical signals are transmitted and received by the 
module over that at least one full duplex optical commu- 
nication link, comprises first optical assembly means, 
electrically coupled to at least one of said plurality of 
converters, including at least one axial leaded optical 
transmitter that is optically coupled to said communica- 
tion link; and is being characterized in that it comprises 
retainer means, for holding said first optical assembly 
means in proximity to an edge of said card so as to align 
said at least one optical transmitter to said edge and 
facilitate attaching the leads of said at least one optical 
transmitter to the surface of said card. 

A preferred embodiment of the invention contem- 
plates including in the optical communication module a 
single multilayer card with all the transmitter electrical 
components being located on one side of the card, all 
receiver electrical components being located on the oth- 
er side of the card, with the transmitter and receiver 
components being electrically isolated from each other 
and separated by shielding layers in the card. By using 
at least two transmitter/receiver pairs (with the transmit- 
ters and receivers being located on respective sides of 
the card) the invention can provide for at least double 
full duplex communications. 

A process for fabricating the desired module is also 
described hereinafter. The process specifies the steps 
for fabricating the card itself, together with where and 
how to mount and assemble the various components of 
the module (the card, retainer means, optical recepta- 
cles, etc.) to achieve the objectives of the invention. 

The invention features the aforementioned double 
sided card design (i.e., with transmitter(s) on one side 
and the receiver(s) on the other side of the card), and 
features the use of internal ground and power planes 
(located within the card itself) to maintain electrical iso- 
lation between the two sides of the card. The invention 
also features integration of the serializer with the laser 
driver to contribute to reducing the size of the card. 



Further features of the invention, according to a pre- 
ferred embodiment, include an electrical wrap capability 
for diagnostic purposes, the requirement of only a single 
+5 volt power supply, and surface edge mounting of the 
5 optical components and their leads. 

These and other objects and features of the present 
invention, and the manner of obtaining them, will be- 
come apparent to those skilled in the art, and the inven- 
tion itself will be best understood by reference to the fol- 
io lowing detailed description read in conjunction with the 
accompanying Drawing. 

FIG. 1 depicts an exploded view of the optical link 
card communication module (both card and retainer) 
contemplated by the invention. 
is FIG.2depictsanenlargedviewofan edgemounted 
optical assembly with leads brought in close to the plane 
of the circuit card in accordance with a preferred em- 
bodiment of the invention. 

FIG. 3 depicts an enlarged view of a suitable stand- 
20 off spacer lor controlling card-to-card spacing for the 
modules fabricated in accordance with the teachings of 
the invention, together with a "J" clip extending from the 
spacer which operates as a flexible retention mecha- 
nism for affixing the novel modules to next level assem- 
25 blies. 

FJG. 4 is a functional block diagram of the invention, 
depicting the interconnection of various electrical and 
optical components on the card and how these compo- 
nents cooperate with one another. 

30 FIG. 5 depicts an example of a power and ground 
plane structure for a double sided card that is fabricated 
in accordance with the teachings of the invention. 

FIG. 6 depicts a preferred layout for the optical link 
card contemplated by the invention. 

35 FIG. 1 depicts an exploded view of the optical link 
card communication module contemplated by the inven- 
tion. 

In particular, FIG. 1 depicts a double sided surface 
mount card, 101 , that mounts to a user's system card. 

40 Data is transferred to and from the system card on n-bit 
wide parallel data busses. 

For the sake of illustration only, the card depicted in 
FIG. 1 is designed to service 10 bit wide parallel data 
busses, i.e., n is set equal to 10. Those skilled in the art 

45 will readily appreciate that the components depicted in 
FIG. 1 could be modified to accommodate larger or 
smaller parallel busses. 

The depicted card includes means for interfacing 
with the parallel data busses (connectors 102 and 103); 

so means for interfacing with serial fiber optic transmission 
media (optical assemblies 104-107, further including re- 
ceptacles 110 and 111 for lasers 120 and 121 respec- 
tively located within the receptacles; and receptacles 
112 and 113 for photodetector diodes 122 and 123 re- 

55 spectively located within the receptacles); and a plurality 
of converters for performing conversion between both 
electrical and optical signals. 

For the sake of illustration only, receptacles 110-113 
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are shown in FIG. 1 as an FC type optical fiber connec- 
tor. Those skilled in the art will readily appreciate that 
the components depicted in FIG. 1 could include other 
types of fiber connectors. 

These converters are described in detail hereinafter s 
with reference to FIG. 4. However, with reference to FIG. 
1 , portions of two converters of a first type (for converting 
from electrical to optical signals) can be seen mounted 
on top of circuit card 101. In particular, serializer means 
1 30 and 1 31 , are modules which take parallel electrical 10 
data input (via connectors 102 and 103 respectively) for 
transmission, and convert the parallel electrical data to 
serial electrical data. Serializer means 1 30 and 1 31 then 
use the serialized data to drive lasers 120 and 121 re- 
spectively. According to one embodiment of the inven- « 
tion, serializer means 130 and 131 also each perform 
laser safety functions which will be described in detail 
hereinafter. 

According to the preferred embodiment of the in- 
vention, the serializer and laser drive functions are inte- 20 
grated in serializer means 1 30 and 1 31 in order to help 
reduce the overall size of the novel card. The integrated 
functions of the serializer means will also be described 
in greater detail hereinafter with reference to FIG. 4. 

Not shown in FIG. 1 (because they are mounted to 25 
the underside of card 101) are converters of a second 
type. These function to convert optical signals to elec- 
trical signals. The depicted illustrative card would have 
two such converters, each of which include means for 
amplifying the electrical signal generated by the photo- so 
detectors; means for detecting minimum DC light levels 
entering each of the photodetectors; and deserializer 
means for converting received serial data to parallel da- 
ta. The deserializer further includes means for recover- 
ing the clock, means for generating a byte synchroniza- 35 
tion signal for output to the user, and means for detecting 
minimum AC light levels. 

A detailed description of the deserializer compo- 
nents and how they cooperate will be set forth herein- 
after with reference to FIG. 4 as well 40 

FIG. 1 goes on to show two open fiber control (OFC) 
means, 150 and 151. OFC means 150 turns off laser 
120 it no tight is received by the photodetector diode 
122. OFC means 151 turns off laser 121 if no light is 
received by photodetector diode 1 23. 45 

According to the preferred embodiment of the in- 
vention, OFC means 150 and 151 maintain a safe (class 
1 ) optical power level in the event a fiber link is opened. 

A suitable OFC module for use in conjunction with 
the invention is described in the European patent appli- so 
cation EP-A-0 437 162 (inventors : G.M. Heiling, DA 
Knodel, M.J. Peterson ; and al), entitled "optical fiber 
link control safety system* and filed concurrently with 
the present invention. 

Although the OFC module described in the refer- ss 
ence is used in the preferred embodiment of the inven- 
tion, other safety means (or indeed no safety means at 
all) may be used by those skilled in the art in place of 



the referenced OFC module without departing from the 
scope of the appended claims. 

FIG. 1 also depicts laser drive adjustment potenti- 
ometers 170 and 171. These potentiometers may be 
used to adjust the AC and DC laser drive circuitry. The 
depicted potentiometers (170 and 171) are associated 
with laser 121 of FIG. 1. Not shown are corresponding 
potentiometers for each of the AC and DC drive portions 
of the laser drive circuitry associated with laser 120. 

Also not shown (located on the underside of card 
101) are metal shields for each of the aforementioned 
amplifiers. According to a preferred embodiment of the 
invention these shields serve to protect the amplifiers 
against stray electromagnetic fields. 

In addition to the above described card, optical as- 
semblies and electronics, FIG. 1 depicts retainer top 180 
and retainer bottom 181, which include retainer reten- 
tion clips (like clip 182), optical assembly slots (like slot 
183), card alignment pins (like pin 184), card guide rail 
185 and card hold down tabs (like tab 186), which when 
assembled in the manner indicated by FIG. 1 result in 
an embodiment of the optical fiber link card communi- 
cation module contemplated by the invention. 

According to the preferred embodiment of the in- 
vention, retainer top 180 and retainer bottom 181 are 
plastic and contribute to the ability of the novel module 
to provide good thermal isolation between the electron- 
ics and the lasers. This is an important feature of the 
invention since the electronics typically have a higher 
acceptable operating temperature then the lasers, 
which dissipate little power. In prior art hybrid type metal 
enclosed transmitters, the heat from the electronics can 
degrade the reliability and operation of the transmitters. 

Furthermore, according to the preferred embodi- 
ment of the invention, the two piece retainer/holder de- 
scribed hereinabove (parts 180 and 181 as shown in 
FIG. 1) when assembled form a cradle to align and hold 
the optical assemblies at the edge of the card in an ap- 
propriate plane to permit surface attachment of the 
leads to the mating circuitry. As indicated hereinbefore, 
taking advantage of this feature minimizes lead capac- 
itance and inductance. 

FIG. 2 depicts an enlarged view of an edge mounted 
optical assembly with leads brought in close to the plane 
of the circuit card, as contemplated by the aforemen- 
tioned preferred embodiment of the invention. In partic- 
ular, FIG. 2 depicts leads 201-203 as being surface 
mounted (rather then using a pin-in-hole attachment) to 
card 101. Optical assembly 205 is shown mounted on 
the edge of card 101. 

Referring again to FIG. 1, it can be seen that a m J* 
clip, clip 192, is depicted as a molded part of retainer 
bottom 181, extending from standoff spacer 193. The 
combination of clip 1 92 and spacer 1 93 may be used to 
attach, hold, align and space card/retainer assemblies 
to next level assemblies. 

FIG. 3 depicts an enlarged view of a preferred ar- 
rangement for standoff spacer 193 (with the spacing 
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from the surface of card 101 to the next assembly being 
indicated by arrow 301), and "J" clip 192. Clip 192 is 
shown extending off of spacer 1 93. Operatively, clip 192 
snaps into a mating hole in the main controller or inter- 
face card to which it plugs. As a molded plastic part, this 
clip has the flexibility to allow the nondestructive remov- 
al of the novel communication module when and if re- 
placement is needed or desired. 

Reference is now made to FIG. 4 which depicts a 
functional block diagram of the electrical and optical 
components on card 101. 

in particular, FIG. 4 shows the combination of seri- 
alizer means 430 and laser diode 431 which effectively 
converts parallel electrical signals to serial optical sig- 
nals. The parallel signals are input Irom a parallel bus 
via, for example, an electrical connector such as con- 
nector 102 depicted in FIG. 1. The serial optical signals 
are output Irom laser 431 for transmission over fiber op- 
tic media, such as fiber 495 depicted in FIG. 4. Well 
known coupling lenses may be used within the laser re- 
ceptacles depicted in FIG. 1 (such as receptacles 110 
and 111) to direct the laser light into the fiber. 

The details of how serializer 430 operates in con- 
junction with laser 431 will be set forth hereinafter with 
reference to the components (depicted in FIG. 4) shown 
to be included within serializer means 430. These de- 
tails will be set forth in the context of an example wherein 
10 bits of parallel electrical data are input to serializer 
430, are converted to serial electrical format and output 
as serial optical data via laser 431 under the control of 
serializer 430. 

FIG. 4 also depicts the combination of photodetec- 
tor diode 425, DC detector 426, amplifier 427 and de- 
serializer means 428, which effectively convert serial 
optical signals, received by photodetector 425. to paral- 
lel electrical signals. The parallel signals are driven by 
deserializer 426 onto a parallel electrical bus. An expla- 
nation of how serially received optical data signals are 
converted to parallel electrical data will also be set forth 
hereinafter with reference to the components depicted 
in FIG. 4. 

Furthermore, FIG. 4 depicts OFC module 429, 
which, as indicated hereinbefore, preferably provides 
class 1 laser safety features on board the card itself. 
Reference is again made to the incorporated copending 
patent application which sets forth in detail how OFC 
module 429 operates in the context of the system de- 
picted in FIG. 4. 

To understand how the combination of serializer 
430 and laser 431 operates, it is convenient to start at 
the point in FIG. 4 where the 10 bit parallel transmit data 
is input from a parallel electrical data bus to shift register 
440. This takes place via depicted leads 470-479. As 
indicated hereinbefore these leads could, for example, 
correspond to user selected pins on an electrical con- 
nector, such as connector 102 depicted in FIG. 1. 

The ten bit parallel transmit data entering shift reg- 
ister 440 is serially clocked out of shift register 440 under 



control of phase locked loop (PLL) 441. The PLL clock 
is phase locked to the lower frequency (off card) input 
transmit clock via link 405. The clock output on link 406 
determines the serial transmit rate. 
5 Tne serial data shifted out of shift register 440 is 
carried to AC drive 442 via link 407. AC drive 442 mod- 
ulates laser 431 with the serialized data. 

FIG. 4 also shows a DC drive, 443, contained in se- 
rializer 430. DC drive 443 keeps laser 431 at a preset 
io power level. Additionally, DC drive 443, according to a 
preferred embodiment of the invention, contains safety 
circuits that can shut down laser 431 if an on card fault 
occurs that could produce an unsafe power level. 

FIG. 4 depicts DC drive 443 as being coupled to 
is laser 431 via link 408. Additionally. DC drive 443 is 
shown receiving an input from open fiber control (OFC) 
means 429 which, as will be explained hereinafter, can 
effectively force DC drive 443 (via link 409) to shut laser 
431 off. 

According to a preferred embodiment of the inven- 
tion, DC drive 443 will issue a laser fault signal to the 
user via link 410, whenever a laser fault (e.g., an OFC 
ordered shut down) occurs. 

Finally, with respect to DC drive 443, FIG. 4 shows 
(via dcned link 499) a feedback path from laser 431 to 
DC drive 443. A conventional automatic power control 
feedback circuit (not shown) senses light from the back 
facet of laser 431. According to the illustrative embodi- 
ment of the invention, optical output power is maintained 
at a constant level via DC drive 443 in response to the 
feedback signal. As indicated hereinbefore one of the 
adjustment potentiometers depicted in FIG. 1 indirectly 
controls DC drive 443. It is via the aforementioned feed- 
back circuit that this control is effected. 

Apparatus and techniques for performing the func- 
tions of the components shown included in serializer 
430, namely shift register 440, PLL 441, AC drive 442 
and DC drive 443, are well within the purview of those 
skilled in the art. Accordingly, these components do not 
require further explanation. 

The above described serializer 430, comprising the 
combination of devices 440-443, effectively integrates 
the desired serializer and laser drive functions, in the 
manner, described, to help reduce overall card size. Fur- 
thermore, it can be seen with reference to the above de- 
scription that serializer 430 functions as one of the plu- 
rality of electro-optical converters located on board the 
card. Control means for performing the conversion (e. 
g., PLL 441) are located on board the card as well. 

The optical link card contemplated by the invention 
also includes on board circuitry for testing the card itself. 
In particular, FIG. 4 depicts multiplexer (MUX) 444 (for 
convenience shown as part of deserializer 428) which 
can be used to provide serialized data from serializer 
ss 430, to other deserializer 428 components, in a wrap 
mode. According to one embodiment of the invention, 
wrap mode can be user specified via link 411 which is 
shown coupled to MUX 444. A signal to enter wrap mode 
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causes the multiplexed data to be processed by dese- 
rializer 428. 

The top portion of FIG. 4 depicts fiber 496 providing 
serial optical signals to photodetector diode 425. Fiber 
496 may be 'butt coupled" (held juxtaposed) to the ac- s 
tive area of photodetector diode 425 to allow the trans- 
mitted light to be converted to electrical energy. 

According to a preferred embodiment of the inven- 
tion, the resultant current (from photodetector diode 
425) is amplified by a transimpedence amplifier, 427, 10 
such as the NE-5210 amplifier depicted in FIG. 4. 

PLL 445, shown included in deserializer 428, phase 
locks a serial receive clock to the data amplified by am- 
plifier 427, and sends both the data and the clock to shift 
register 446 where the data is deserialized. « 

In a preferred embodiment of the invention, as de- 
picted in FIG. 4, PLL 445 is shown locked to an on card 
crystal via link 412. The PLL is locked to the crystal to 
approximate the expected input data rate. The PLL then 
"fine tunes" the lock and locks onto the receive data at 20 
the actual receive data rate. 

Shift register 446 includes a byte synchronization 
detector that is used to recognize a unique receive char- 
acter so that complete bytes can be unloaded from shift 
register 446 without being fragmented. Shift register 446 25 
also includes TTL drivers (which actually output the par- 
allel data to a parallel data bus via leads 480-489) and 
means for outputting a byte synchronization signal to the 
user via link 413. 

FIG. 4 also depicts clock generator 447 which, ac- 30 
cording to a preferred embodiment of the invention, is a 
four phase parallel receive clock. The four phase clock 
is useful for deriving non-overlap clocks which are typi- 
cally used (or may be required) by the external system. 

Clock generator 447 is shown tied to PLL 445 via 35 
link 414. Additionally the four phase clock output from 
clock generator 447 is shown output on links 415-418 
of FIG. 4. 

Finally, deserializer 428 is shown to include transi- 
tion detector 448. Transition detector 448, together with 40 
DC detector 426 (not included in the deserializer in the 
illustrative embodiment of the invention) detect mini- 
mum AC and DC light levels entering photodetector di- 
ode 425. These redundant signals are carried to OFC 
module 429 via links 460 and 461 and are used by OFC 4$ 
module 429 as a safety interlock to shut down the link if 
both fiber paths 495 and 496 are not hooked up. 

The OFC module described in the referenced pat- 
ent application, pulses laser 431 at a low duty cycle dur- 
ing the time the fiber link is open. This produces a safe so 
optical power in the fiber. The referenced OFC module 
will return laser 431 to continuous power when the fiber 
link is reconnected. 

OFC module 429 of FIG. 4 is shown to control laser 
431 via link 409 to DC drive 443. Additionally, the pre- ss 
f erred OFC module is shown to accept user inputs for 
turning the laser off and performing a power on reset 
function, via links 463 and 464 respectively. Link 465 is 



shown to provide a signal to the user when the fiber link 
is inactive. Finally, link 466 is shown to provide an indi- 
cation to OFC module 429 whenever the user specifies 
wrap mode via link 411. 

Apparatus and techniques for performing the func- 
tions of the components shown included in deserializer 
42B, namely PLL 445, shift register 446, clock generator 
447, and transition detector 448, are well within the pur- 
view of those skilled in the art. The same holds true for 
laser 431, photodiode 425, amplifier 427, DC detector 
426, and MUX 444, which are all commercially available 
devices. Accordingly, these components do not require 
further explanation. 

What has been described with reference to FIG. 4 
are the components, and how they interact, to form sin- 
gle full duplex operation. Card 101 of FIG. 1 , constructed 
in accordance with a preferred embodiment of the in- 
vention, duplicates the components depicted in FIG. 4 
to provide double full duplex operation. 

According to the preferred embodiment of the in- 
vention, serializer 430, deserializer 42B and the TTL 
drivers in shift register 446 (even though part of deseri- 
alizer 428), together with the duplicate set of these de- 
vices contemplated in FIG. 1, are connected to power 
(+5 volts) and ground planes within card 101. These 
planes and how the both sides (top and bottom) of card 
101 are used in accordance with the teachings of the 
invention, are described hereinafter with reference to 
FIG. 5. 

FIG. 5 illustrates that wiring land patterns 501 and 
502 are respectively located on opposite surfaces (top 
and bottom) of card 101. These patterns are used to 
electrically interconnect the components mounted on 
each side of the card. 

A side view of card 101, looking through the card 
into the surface labeled "A", shows that a card fabricated 
in accordance with the teachings of the invention con- 
tains a plurality of internal power and ground planes. By 
way of example these internal planes are depicted as 
planes 51 0-51 3 in FIG. 5. Planes 510 and 511 represent 
a ground and power plane, respectively, and service one 
side of the card (e.g., the components mounted on sur- 
face 501). Planes 512 and 513 represent another power 
and ground plane respectively, and service the other 
side of the card (e.g., the components mounted on sur- 
face 502). 

Any combination of planes is possible. What is re- 
quired according to the invention is that a plurality of in- 
ternal power and ground planes be provided which in- 
herently provide electrical Isolation between the compo- 
nents mounted to the top and bottom surfaces of the 
card. Also, the components that perform the transmit 
function, and the components that perform the receive 
function, are to be located on opposite sides of the card. 

According to the preferred embodiment of the in- 
vention, the internal power and ground planes that serv- 
ice the side of the card containing at least one deserial- 
izer, are partitioned so that the TTL drivers included in 
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shift register 446 (and any other shift register on this side 
of the card) are electrically isolated from the portion of 
the power and ground planes serving the remainder of 
a given deserializer. This is desirable because of the 
amount of current required for the TTL drivers. 

Additionally, according to the preferred embodiment 
of the invention, the power and ground planes servicing 
the transmit function are fabricated so as not to cover (L 
e., are fabricated to have an opening over) the afore- 
mentioned partitioned portion of the power and ground 
planes serving the TTL drivers. The purpose of fabricat- 
ing the transmit function power and ground planes in this 
fashion is to keep noise from the TTL power and ground 
planes from coupling to the transmit power and ground 
planes. 

Reference is now made to FIG. 6 which depicts a 
preferred layout for the optical link card contemplated 
by the invention. The layout shown provides double full 
duplex channels. The preferred card could be enlarged 
to provide further communication ports, or be cut in half 
(along line A-A of FIG. 6) to provide a single full duplex 
card. 

The double full duplex channels depicted in FIG. 6 
includes two identical but electrically isolated trans- 
mit/receive pairs comprised of laser 605 and photode- 
tector diode 606 (one pair) and laser 607 and photode- 
tector diode 608 (the other pair), mounted on a double 
sided surface mount card. There are no electrical con- 
nections, surface or internal, across the boundary 
formed by line A-A in FIG. 6. 

As indicated hereinabove with reference to FIG. 5, 
the card has top and bottom signal planes and four in- 
ternal power planes (not shown in FIG. 6) which may be 
used advantageously to isolate the transmitters from the 
receivers. For the sake of illustration, the top of the card 
depicted in FIG. 6 is labeled 601 , while the bottom of the 
card is labeled 602. 

To accommodate the 10 bit parallel buses serviced 
by the illustrative embodiment of the invention, two 48 
pin connectors (connectors 102 and 103 in FIG. 1) with 
100 mil pin centers are mounted on the top side of the 
card such that the pins protrude through the raw card to 
the bottom side where they would mate to the user's sys- 
tem card. This allows for minimal card to card spacing 
and a total card height that meets low profile require- 
ments. The pin side of the connectors are illustrated in 
the layout depicted in FIG. 6 as connectors 650 and 651 . 

Four optical connectors, 609-612, are shown 
mounted juxtaposed to the lasers and photodetectors at 
the edge of the card. Connectors 609-612 easily pro- 
trude out into customer available access areas when the 
card is typically mounted onto a system card. 

FIG. 6 also depicts the position of deserializer 680 
and amplifier 681 (associated with photodetector diode 
606) and deserializer 682 and amplifier 683 (associated 
with photodetector diode 608) as they are preferably 
mounted on the bottom surface, 602, of the card. 
Seriatizer 630 and open fiber control module 631 



(associated with laser 605). together with serializer 632 
and open fiber control module 633 (associated with la- 
ser 607) are shown in the positions in which they are 
preferably mounted to the top side, 601, of the card. 
5 The dimensions shown on FIG. 6 are for the pur- 
pose of illustration only, but indicate a suitable card size 
and suitable optical spacing to yield the desired, com- 
pact, double duplex communication moduie. The meth- 
od for mounting the connector pins referred to herein- 
10 above allows for 7 mm card to card spacing and a total 
card height of approximately 12 mm using the card de- 
picted in FIG. 6. 

What has been described are methods, apparatus 
and manufacturing techniques which meets all of the ob- 
is jectives set forth hereinbefore. Those skilled in the art 
will recognize that the foregoing description has been 
presented for the purposes of illustration and description 
only. It is not intended to be exhaustive or to limit the 
invention to the precise form disclosed, and obviously 
20 many modifications and variations are possible in light 
of the above teaching. 

For example, components shown to be included in 
the deserializer, like MUX 444, could be located else- 
where, versions of the desired card could be produced 
25 without an electrical wrap capability or the on board 
safety features incorporated in preferred embodiments 
of the invention, etc. 

The embodiments and examples set forth herein 
were presented in order to best explain the principles of 
30 the instant invention and its practical application to 
thereby enable others skilled in the art to best utilize the 
instant invention in various embodiments and with var- 
ious modifications as are suited to the particular use 
contemplated. 

35 

Claims 

1. An optical communication module, including a sin- 
40 gle multilayer double surface mount optical fiber link 
card (101) having a plurality of converters (130, 
1 31 ) mounted thereon, for converting between par- 
allel electrical signals and serial optical signals, 
wherein said optical signals are transmitted and re- 
45 ceived by the module over that at least one full du- 
plex optical communication link (496, 495), com- 
prising: 

first optical assembly means (105, 107), elec- 
so tricalty coupled to at least one of said plurality 

of converters, including at least one axial lead- 
ed optical transmitter (205) that is optically cou- 
pled to said communication link; and being 
characterized in that it comprises: 

55 

retainer means (1 80, 1 8 1 ), for holding said 
first optical assembly means (105, 107) in 
proximity to an edge of said card (101) so 
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as to align said at least one optical trans- 
mitter to said edge and facilitate attaching 
the leads of said at least one optical trans- 
mitter to the surface of said card. 

2. The module as set forth in claim 1 wherein said 
module further comprises, second optical assembly 
means (104, 106), coupled to at least one of said 
plurality of converters, said means including at least 
one axial leaded optical receiver (205) for detecting 
serial optical signals input from said at least one full 
duplex optical communication link and for generat- 
ing serial electrical signals in response thereto, 
wherein said retainer means (150, 181) is also op- 
erative to hold said second assembly (104, 106) in 
proximity to an edge of said card so as to align said 
at least one optical receiver lo said edge and facil- 
itate attaching the leads of said at least one optical 
receiver to the surface of saic card. 

3. The module as set forth in claim 1 or 2 wherein said 
retainer means is comprised of a two piece, snap 
together, retainer/holder (160, 1 51) which when as- 
sembled provides a slotted cradle for holding said 
first and second optical assembly means. 

4. The module as set forth in claim 3 wherein said re- 
tainer means is molded from plastic and further 
comprises insert pins (184) and rails (185) to me- 
chanically hold said first and second optical assem- 
blies to said card. 

5. The module as set lorth in claim 4 wherein said re- 
tainer means further comprises flexible 'J' clip 
(1 92) and stand off means (1 £3). 

6. The module as set forth in claim 4 wherein said re- 
tainer means thermally isolates said converter 
means from said optical transmitters. 

7. An optical communication module according to any 
one of claims 1 to 6 characterized in that the at least 
one of said plurality of converters electrically cou- 
pled to the first optical assembly means are mount- 
ed on a first surface of the card and the at least one 
of said plurality of converters electrically coupled to 
the second optical assembly means are mounted 
on the second surface of the card. 

8. An optical communication module according to any 
one of claims 1 to 7, wherein in that the converters 
(430) electrically coupled to the first optical assem- 
bly comprises: 

(a) first phase locked loop means (441 ), locked 
to frequency of the parallel electrical signal in- 
put, for generating a serial transmit rate clock 
signals; 



(b) first shift register means (440), coupled to 
said means for inputting parallel electrical sig- 
nals and said first phase locked loop means, for 
converting input parallel electrical signals to se- 

s rial electrical signals and outputting said serial 

electrical signals at said serial transmit rate; 

(c) AC drive means (442), coupled to said first 
shift register means, for modulating said optical 

10 transmitters in response to said serial electrical 

signals; and 

(d) DC drive means (443), coupled to said op- 
tical transmitters, for controlling the power level 

is of said optical transmitter means. 

9. The module as set forth in claim 8 wherein said DC 
drive means includes safety circuits which are ca- 
pable of turning off power to said optical transmit- 

20 ters in the event of an on card fault. 

10. The module as set forth in any one of claims 2 to 9, 
wherein the optical receivers are coupled to ampli- 
fier means, for amplifying the serial electrical sig- 

25 nals generated by said optical receiver; and the 
converters (428) electrically coupled to the second 
optical means comprises: 

(a) means (412) for generating serial transmit 
so rate clock signals; 

(b) second phase locked loop means (445), 
coupled to said amplifier means and said 
means for generating serial transmit rate clock 

35 signals, for locking said clock signals to data 

carried by said amplified serial electrical signal, 
and for serially outputting said data and clock 
signals; and 

40 (c) deserializer means (446), coupled to said 

second phase locked loop means, for convert- 
ing said amplified serial electrical signals to 
said corresponding parallel electrical signals, in 
response to the data and clock signals output 

45 by said second phase locked loop means. 

11. The module as set forth in claim 10 wherein said 
deserializer means further comprises clock gener- 
ator means (447) for generating and outputting a 

so multiphase parallel rate transmit clock, and second 
shift register means (446), including TTL driver 
means, said second shift register means further 
comprising byte synchronization detector means 
which enable complete bytes to be unloaded from 

55 said second shift register means without fragmen- 
tation, and said second shift register means gener- 
ating and outputting byte synchronization signals. 
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12. The module as set forth in anyone of claims 10 to 
1 2 wherein the optical transmitter on the first optical 
assembly means is a laser and said card further 
comprises safety means (429) operative to ensure 
safe optica! power levels in said at least one full du- 
plex optical communication link in the event a given 
Jink is open, and wherein said safety means is fur- 
ther operative, to pulse said, at least one laser at a 
low duty cycle when said given link is open and re- 
turn said at least one laser to continuous power if 
said given link is reconnected. 

13. The module as set forth in claim 12 wherein said 
card further comprises transition detector means 
(448) and DC detector means (426), coupled re- 
spectively to said amplifier means and said optical 
receivers, for respectively detecting minimum AC 
and DC light levels entering said optical receivers, 
wherein said safety means is coupled to said tran- 
sition detector means and said DC detector means 
and operates in response to a failure by either of 
said detector means to detect said minimum AC and 
DC light levels, and wherein said safety means is 
also operative in response to off card generated 
safety means control sig nals, and further operative 
to output a signal indicative of at least one inactive 
link. 

14. The module as set forth in any one of claims 7 to 10 
wherein said card further comprises: 

(a) a first signal plane, located on a first surface 
of the card; 

(b) a second signal plane, located on a second 
surface of the card; and 

(c) a plurality of internal power and ground 
planes, which are connected to and electrically 
isolate said first signal plane from said second 
signal plane. 

15. A process for manufacturing an optical communica- 
tion module, including a single multilayer double 
surface mount optical fiber link card (101) having a 
plurality of converters (1 30, 1 31) mounted thereon, 
or converting between parallel electrical signals and 
serial optical signals, wherein said optical signals 
are transmitted and received by the module over at 
least one full duplex optical communication link 
(495, 496), comprising the steps of: 

(a) fabricating first optical assembly means 
(105, 107), electrically coupled to at least one 
of said plurality of converters, including at least 
one axial leaded optical transmitter (205) that 
is optically coupled to said communication link; 
and characterized in that said process further 



comprises the step of 

(b) fabricating retainer means (160, 181), for 
holding said first optical assembly (105, 107) in 
s proximity to an edge of said card (101 ) so as to 

align said at least one optical transmitter to said 
edge and facilitate attaching the leads of said 
at least one optical transmitter to the surface of 
said card. 

10 

1 6. A process as set forth in claim 1 5 further comprising 
the step of fabricating second optical assembly 
means (104, 106), including at least one axial lead- 
ed optical receiver (205) for detecting serial optical 

is signals input from said at least one full duplex opti- 
cal communication link and for generating serial 
electrical signals in response thereto, wherein said 
retainer means (1B0, 181) fabricated in step (b) is 
also operative to hold said second assembly (1 04, 

so 106) in proximity to an edge of said card so as to 
align said at least one optical receiver to said edge 
and facilitate attaching the leads of said at least one 
optical receiver to the surface of said card, the step 
of attaching the leads of said at least one optical 

25 transmitter and the leads of said at least one optical 
receiver, to the surface of said card : and wherein 
said step of fabricating retainer means further com- 
prises the step of snapping together a two piece re- 
tainer/holder assembly that, when snapped togeth- 

30 er, provides a slotted cradle for holding said first and 
second optical assembly means, and wherein said 
step of fabricating retainer means further comprises 
the step of molding said retainer/holder assembly 
from plastic. 

35 

17. A process as set forth in claim 16 wherein said step 
of molding said retainer/holder assembly yields in- 
sert pins and rails to mechanically hold said first and 
second optical assemblies to said card, flexible - J' 

40 clip and stand off means which facilitate creating 
, multicard assemblies, and means for thermally iso- 
lating said plurality of converters from said at least 
one optical transmitter. 

45 

Patentanspruche 

1. Optisches Kommunikationsmodul mit einer einzel- 
nen mehrlagigen, doppelseitig oberflachenmontier- 

50 baren (101) Karte fur die Verbindung optischer Fa- 
sern, mit einer Vielzahl darauf montierten Konverter 
(130; 131), fur die Umwandlung zwischen paralle- 
len elektrischen Signalen und seriellen optischen 
Signalen, wobei die optischen Signale durch das 

55 Modul uber wenigstens eine voll-duplex betriebene 
optische Kommunikationsverbindung (496, 495) 
gesendet und von ihm empfangen werden, wobei 
das Modul folgendes umtaBt: 
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erste optische Montagemittel (105, . 107), die 
elektrisch mit wenigstens einem der vielen 
Konverter verbunden sind, wobei es wenig- 
stens einen axial angeschlossenen optischen 
Sender (205) umfaBt. der elektrisch mit der s 
Kommunikationsverbindung verbunden ist; 
unddadurch gekennzeichnet ist, daB es folgen- 
des umfaBt: 

- Spannmittel (1S0, 181), urn die optischen io 
Montagemittel (1 05, 1 07) in der Nahe einer 
Ecke der Karte (1 01 ) so zu halten, daB der 
wenigstens eine optische Sender zu der 
Ecke ausgerichtet wird und die Befesti- 
gung der Anschlusse von dem wenigstens 
einen optischen Sender an die Oberflache 
der Karte erieichtert wird. 



2. Modul, wie es in Anspruch 1 beschrieben wird, wo- 
bei das Modul weitemin tolgendes umfaBt, zweite 20 
optische Montagemittel (104, 106), die mit wenig- 
stens einem aus der Vielzahl Konverter verbunden 
sind, wobei das Mittel wenigstens einen axial ange- 
schlossenen optischen Empfanger (205) zur Erken- 
nung serielier optischer Eingangssignale von der & 
wenigstens einen voll-duplex arbeitenden Kommu- 
nikationsverbindung und zur Erzeugung serielier 
elektrischer Signal e a Is Antwort darauf enthalt, wo- 
bei die Spannmittel (1E0, 181) ebenfalls wirksam 
sind, urn den zweiten Auf bau (104, 1 06) in der Nahe 30 
einer Kante der Karte so zu halten, daB wenigstens 

der eine optische Empfanger zu der Kante ausge- 
richtet wird und die Bef estigung der Anschlusse von 
wenigstens dem einen optischen Empfanger auf 
der Oberflache der Karte erieichtert wird. 35 

3. Modul, wie es in Anspruch 1 oder 2 beschrieben 
wird, wobei die Spannmittel aus einem zweiteiligen, 
zusammenfugbaren Spanner/Halter (160, 161) be- 
stehen, der, wenn er zusammengebaut wird, eine 40 
eingekerbte Halterung zum Halten der ersten und 
zweiten Montagemittel liefert. 

4. Modul, wie es in Anspruch 3 beschrieben wird, wo- 
bei die Spannmittel aus Plastik geformt sind und *s 
weitemin Haltestifte (1B4) und Rillen (185) zur me- 
chanischen Halterung der ersten und zweiten opti- 
schen Aufbauten auf der Karte umfassen. 

5. Modul, wie es in Anspruch 4 beschrieben wird, wo- so 
bei die Spannmittel eine flexible "J'-Klemrne (192) 
und Abstandsmittel (193) umfassen. 

6. Modul, wie es in Anspruch 4 beschrieben wird, wo- 
bei die Spannmittel die Konvertiermmel thermisch ss 
von den optischen Sendern isolieren. 

7. Optisches Kommunikationsmodul gemaB einem 



der Anspruche 1 bis 6 dadurch gekennzeichnet, 
daB wenigstens einer aus der Vielzahl Konverter, 
die elektrisch mit den ersten optischer Montagemit- 
teln verbunden sind, auf einer ersten Oberflache 
der Karte montiert ist und daB wenigstens einer aus 
der Vielzahl Konverter, die elektrisch mit den zwei- 
ten optischen Montagemitteln verbunden sind, auf 
der zweiten Oberflache der Karte montiert ist. 

8. Optisches Kommunikationsmodul gemaB einem 
der Anspruche 1 bis 7, bei dem der Konverter (430) 
elektrisch mit dem ersten optischen Aufbau verbun- 
den ist, das folgendes umfaBt: 

(a) erste Phasenregelkreis-Mittel (441), die mit 
der Frequenz des parallelen elektrischen Si- 
gnaleingangs synchronisiert sind, zur Erzeu- 
gung von Taktsignalen mit der seriellen Uber- 
tragungsrate; 

(b) erste Schieberegistermittel (440), die mit 
dem Mittel fOr die Eingabe paralleler elektri- 
scher Signale und dem ersten phasengekop- 
pelten Mittel verbunden sind, zur Konvertierung 
der Eingabe paralleler elektrischer Signale in 
serielle elektrische Signale und zur Ausgabe 
der seriellen elektrischen Signale mit der seri- 
ellen Obertragungsrate; 

(c) Wechselstrom-Steuermittel (442). die mit 
dem ersten Schieberegistermittel verbunden 
sind, urn die optischen Sender in Abhangigkeit 
von den seriellen elektrischen Signalen zu mo- 
dulieren; und 

(d) Gleichstrom-Steuermittel (443), die mit den 
optischen Sendern verbunden sind, um den 
Leistungspegel der optischen Sendemittel zu 
steuern. 

9. Modul, wie es in Anspruch 8 beschrieben wird, wo- 
bei das Gleichstrom-Steuermittel Sicherheitsschal- 
tungen enthalt, die in der Lage sind, die Stromver- 
sorgung zu den optischen Sendern im Falle eines 
Kartenausfalls abzuschalten. 

10. Modul, wie es in einem der Anspruche 2 bis 9 be- 
schrieben wird, wobei die optischen Empfanger mit 
Verstarkermitteln verbunden sind, um die von dem 
optischen Empfanger erzeugten seriellen elektri- 
schen Signale zu verstarken; und wobei die Kon- 
verter (428), die elektrisch mit dem zweiten opti- 
schen Mittel verbunden sind, folgendes umfassen: 

(a) Mittel (412) zur Erzeugung von Taktsignalen 
mit der serielle Obertragungsrate; 

(b) zweite Phasenregelkreis-Mittel (445), die 
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mit dem Verstarkermittel und dem Mittel zur Er- 
zeugung von Taktsignalen mit der seriellen 
Obertragungsrate verbunden sind, urn die Takt- 
signale mit den Daten, die sich in dem verstark- 
ten seriellen elektrischen Signal befinden, zu 
synchronisieren, und um die Daten und Taktsi- 
gnale seriell auszugeben; und 

(c) Entserialisierungsmittel (446), die mit den 
zweiten Phasenregelkreis-Mitteln verbunden 
sind, um die verstarkten seriellen elektrischen 
Signale als Reaktipn auf die von dem zweiten 
Phasenregelkreis-Mittel ausgegebenen Daten- 
und Taktsignale in die zugehorigen parallelen 
elektrischen Signale umzuwandeln. 

11. Modul, wie es in Anspruch 10 beschrieben wird, wo- 
bei das Entserialisierungsmittel weiterhin Taktge- 
neratormittel (447) fur die Erzeugung und Ausgabe 
eines mehrphasigen parallelen Sendetaktes und 
ein zweites Schieberegistermittel (446) umfaBt, das 
TTL-Treibermittel enthalt, wobei das zweite Schie- 
beregistermittel weiterhin Nachweismittel fur die 
Byte-Synchronisation enthalt, die es ermoglichen, 
dafi ein vollstandiges Byte von dem zweiten Schie- 
beregistermittel ohne Fragmentierung entladen 
werden kann und wobei das zweite Schieberegi- 
stermittel Byte-Synchronisationssignale erzeugt 
und ausgibt 

12. Modul, wie es in einem der Anspruche 10 bis 12 
beschrieben wird, wobei der optische Sender auf 
den ersten optischen Montagemitteln ein Laser ist 
und die Karte weiterhin Sicherheitsmittel (429) um- 
faBt, die betrieben werden, um in dem Falle. daG 
eine gegebene Verbindung often ist, in der wenig- 
stens einen voll-duplex arbeitenden optischen 
Kommunikationsverbindung sichere optische Lei- 
stungswertesicherzustellen, wobei die Sicherheits- 
mittel weiterhin betrieben werden, um den einen La- 
ser mit einer niedrigen Taktrate zu pulsen, wenn die 
gegebene Verbindung often ist und um zur kontinu- 
ierlichen Leistung zuruckzukehren, wenn die gege- 
bene Verbindung wieder geschaltet ist. 

13. Modul, wie es in Anspruch 12 beschrieben wird, wo- 
bei die Karte weiterhin Mittel fur die Erkennung des 
Oberganges (448) und Mittel fur die Gleichstromer- 
kennung (426) umlaBt, die mit den Verstarkermit- 
teln beziehungsweise den optischen Empfangern 
verbunden sind, um minimale Gleichstrom- bezie- 
hungsweise Wechselstrom-Lichtpege! zu erken- 
nen, die an den optischen Empfangern eingehen, 
wobei das Sicherheitsmittel mit dem Mittel zur Er- 
kennung des Oberganges und dem Mittel fur die 
Gleichstromerkennung verbunden ist und als Reak- 
tion auf einen Ausfall von einem der Nachweismittel 
zur Erkennung der minimalen Wechselstrom- und 



Gleichstrom-Lichtpegel arbeitet und wobei die Si- 
cherheitsmittel ebenfalls als Reaktion auf die au- 
Berhalb der Karte erzeugten Steuersignale fur die 
Sicherheitsmittel betrieben werden und ebenfalls 
5 auf die Ausgabe eines Signals reagieren, das we- 
nigstens eine nichtaktive Verbindung anzeigt. 

14. Modul, wie es in einem der Anspruche 7 bis 10 be- 
schrieben wird, wobei die Karte weiterhin folgendes 

10 umfaBt: 

(a) eine erste Signalebene, die sich auf einer 
ersten Oberflache der Karte befindet; 

is (b) eine zweite Signalebene, die sich auf einer 

zweiten Oberflache e'er Karte befindet; und 

(c) einer Vielzahl innerer Leistungs- und Mas- 
seebenen, die damit verbunden sind.und die 
20 die erste Signalebene von der zweiten Signal- 

ebene isolieren. 

15. Verfahren zur Herstellung eines optischen Kommu- 
nikationsmoduls, das eir.e einzelne mehrlagige, 

25 doppelseitig oberflachenrrcntierbare Karte (101), 
fur die Verbindung optischer Fasern mit einer Viel- 
zahl darauf montierten Konverter (1 30, 1 31 ) fur die 
Umwandlung zwischen parallelen elektrischen Si- 
gnalen und seriellen optischen Signalen umfaBt, 

30 wobei die optischen Signale durch das Modul uber 
wenigstens eine voll-duplex betriebene optische 
Kommunikationsverbindung (496. 495) gesendet 
und von ihm empfangen werden, wobei das Verfah- 
ren folgende Schritte umfaGt: 

35 

(a) Herstellung erster cptischer Montagemittel 
(105, 107), die elektrisch mit wenigstens einem 
aus der Vielzahl von Konvertern verbunden 
sind, wobei diese wenigstens einen axial befe- 

40 stigten optischen Sender (205) enthalten. der 

optisch mit der Kommunikationsverbindung 
verhunden ist; und 

das dadurch gekennzechnet ist, da(3 das Ver- 
fahren weiterhin den fclgenden Schritt umfaBt: 

45 

(b) Herstellung von Spannmitteln (180, 181) fur 
die Halterung des ers»en optischen Aufbaus 
(105, 107) in der Nahe einer Kante der Karte 
(101), so daG der wenigstens eine optische 

so Sender zu der Kante ausgerichtet wird und die 

Befestigung der Anschlusse von dem wenig- 
stens einen optischen Sender auf der Oberfla- 
che der Karte erleichtert wird. 

ss 1 6. Verfahren, wie es in Anspruch 1 5 beschrieben wird, 
bestehend aus dem Schritt zur Herstellung zweiter 
optischer Montagemittel (104, 106), die wenigstens 
einen axial befestigten optischen Empfanger (205) 
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fur die Erkennung serieller optischer Signaleinga- 
ben an der wenigstens einen voll-duplex arbeiten- 
den Kommunikationsverbindung und Erzeugung 
serieller elektrischer Signale als Reaktion darauf 
enthalten, wobei die Spannmittel (180, 181), die in 
Schritt (b) hergestellt werden, ebenfalls so betrie- 
ben werden, daB es den zweiten Aufbau (104, 106) 
in der Nahe einer Kante der Karte halt, um den we- 
nigstens einen optischen Empfanger zu der Kante 
auszurichten und um die Betestigung der AnschlGs- 
se von dem wenigstens einen optischen Empfanger 
auf der Oberflache der Karte zu erleichetern, dem 
Schritt zur Befestigung der Anschlusse des wenig- 
stens einen optischen Senders und der Anschlusse 
des wenigstens einen optischen Empfangers auf 
der Oberflache der Karte. und wobei der Schritt zur 
Herstellung der Spannmittels weiterhin den Schritt 
des Zusammenfugens eines zweiteiligen Span- 
ner/Hatter-Aufbaus umfaBt, der, wenn er zusam- 
mengefugt wird, eine eingekerbte Halterung fur das 
Halten der ersten und zweiten optischen Montage- 
mittel liefert und wobei der Schritt zur Herstellung 
der Spannmittel weiterhin den Schritt zur Formung 
des Spanner-/Halter-Aufbaus aus Plastik umfaBt. 

17. Verfahren, wie es in Anspruch 1 6 beschrieben wird. 
wobei der Schritt zur Formung des SpannerTHal- 
ter-Aufbaus das EinfOgen von Haltestiften und Ril- 
len zur mechanischen Halterung der ersten und 
zweiten optischen Aufbauten auf der Karte, eine fle- 
xible 'J'-Klemme und Abstandsmittel, die die Her- 
stellung yon Aufbauten mit mehreren Karten er- 
leichtern, und Mittel fur die thermische Isolierung 
der Vielzahl Konverter von dem wenigstens einen 
optischen Sender ermoglichen. 



Revendicetions 

1. Module de communication optique, comprenant 
une seule carle (101) de liaison a fibre optique a 
double montage en surface multicouche compor- 
tant une pluralite de convertisseurs (1 30, 1 31 ) mon- 
tes sur celle-ci, destine a effectuer une conversion 
entre des signaux 6lectriques paralleles et des si- 
gnaux optiques serie, dans lequel lesdits signaux 
optiques sont emis et recus par le module sur cette 
au moins une liaison de communication optique en 
duplex (496, 495), comprenant : 

un premier moyen de montage optique (105, 
107), couple" electriquement a au moins Pun 
parmi ladite pluralite) de convertisseurs, com- 
prenant au moins un 6metteur (205) optique a 
sortie axiale qui estcoupl6 optiquement a ladite 
liaison de communication, et etant caracterise 
en ce qu'il comprend : 



- un moyen de retenue (1 BO, 181), destine a 
maintenir ledit premier moyen de montage 
optique (105, 107) a proximite d'un bord de 
ladite carte (101) de facon a aligner ledit 
s au moins un emetteur optique avec ledit 

bord et a faciliter la fixation des conduc- 
teurs dudit au moins un emetteur optique 
a la surface de ladite carte. 

10 2. Module selon la revendication 1 dans lequel ledit 
module comprend en outre, un second moyen de 
montage optique (104, 106), couple a au moins I'un 
parmi ladite pluralite" de convertisseurs, ledit moyen 
comprenant au moins un r^cepteur optique a sortie 

is axiale (205) destine" a d6tecter des signaux opti- 
ques serie entr£s a partir de ladite au moins une 
liaison de communication optique en duplex et des- 
tin6 a engendrer des signaux electriques serie en 
rSponse a ceux-ci, dans lequel ledit moyen de rete- 

20 nue (180, 181) agit 6galement pour maintenir le se- 
cond montage (104, 106) a proximite d'un bord de 
ladite carte de facon a aligner ledit au moins un r6- 
cepteur optique avec ledit bord et a faciliter la fixa- 
tion des conducteurs dudit au moins un re*cepteur 

25 optique a la surface de ladite carte. 

3. Module selon la revendication 1 ou la revendication 
2, dans lequel ledit moyen de retenue est constitue" 
d'un dispositif de retenue/maintien (180, 181) a 
so deux pieces encliquet6es ensemble, qui, lorsqu'il 
est assemble^ procure une entretoise a fentes afin 
de maintenir lesdits premier et second moyens de 
montage optique. 

35 4. Module selon la revendication 3 dans lequel ledit 
moyen de retenue est moule a partir de plastique 
et comprend en outre des broches d'insertion (184) 
et des barreaux (1 85) afin de maintenir m6canique- 
ment lesdits premier et second montages optiques 

40 sur ladite carte. 

5. Module selon la revendication 4 dans lequel ledit 
moyen de retenue comprend en outre une attache 
en "J" flexible (192) et un moyen de separation 

45 (ig3). 

6. Module selon la revendication 4 dans lequel ledit 
moyen de retenue isole thermiquement ledit moyen 
de convertisseur desdits Smetteurs optiques. 

so 

7. Module de communication optique selon Tune quel- 
conque des revendication s 1 a 6 caracterise' en ce 
que le au moins un parmi ladite pluralite de conver- 
tisseurs couple" Electriquement au premier moyen 

55 de montage optique est mont6 sur une premiere 
surface de la carte et que le au moins un parmi la- 
dite pluralite) de convertisseurs couples electrique- 
ment au second moyen de montage optique est 
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monte sur la seconde surface de la carte. 

8. Module de communication optique selon I'une quel- 
conque des revendications 1 a 7, dans lequel les 
convertisseurs (430) couptes electriquement au 
premier montage optique comprennent : 

(a) un premier moyen de boucle a verrouillage 
de phase (441), verrouille" sur la frequence 
d'entree du signal eMectrique parallele, afin 
d'engendrer des signaux d'horloge de caden- 
cement d'emission serie, 

(b) un premier moyen de registre a decalage 
(440), coupte audit moyen destine" a entrer des 
signaux 6lectriques paralleles et audit moyen 
de boucle a verrouillage de phase, afin de con- 
verts des signaux 6lectriques paralleles en en- 
tree en signaux Slectriques s6rie et de sortir 
lesdits signaux 6lectriques s6rie suivant ledit 
cadencement Remission serie, 

(c) un moyen d'attaque en courant alternatif 

(442) , couple* audit premier moyen de registre 
a decalage, afin de moduler lesdits emetteurs 
optiques en r6ponse auxdits signaux electri- 
ques seYie, et 

(d) un moyen d'attaque en courant continu 

(443) , couple auxdits Emetteurs optiques, afin 
de commander le niveau de puissance dudit 
moyen d'§metteur optique. 

9. Module selon la revendication 8 dans lequel ledit 
moyen d'attaque en courant continu comprend des 
circuits de sdcurite qui sont capables de couper I'ali- 
mentation desdits 6metteurs optiques dans le cas 
d'un defaut sur la carte. 

10. Module selon I'une quelconque des revendications 
2 a 9, dans lequel les recepteurs optiques sont cou- 
ples a un moyen d'amplificateur, destin6 a amplifier 
les signaux 6lectriques se>ie engendres par ledit r§- 
cepteur optique, et les convertisseurs (428) couples 
electriquement au second moyen optique 
comprennent : 

(a) un moyen (41 2) destine a engendrer des si- 
gnaux de cadencement d'emission serie, 

(b) un second moyen de boucle a verrouillage 
de phase (445), couple" audit moyen d'amplifi- 
cateur et audit moyen destine" a engendrer des 
signaux d'horloge de cadencement d'emission 
serie, afin de verrouiller lesdits signaux d'hor- 
loge sur les donn6es transporters pour ledit si- 
gnal electrique s6rie amplifie, et afin de sortir 
en serie lesdites donn^es et lesdits signaux 



d'horloge, et 

(c) un moyen de ccnvertisseur serie parallele 
(446), couple" audit second moyen de boucle a 

5 verrouillage de phase, afin de convert ir lesdits 

signaux 6lectriques serie amplifies en lesdits 
signaux electriques paralleles correspondants, 
en re*ponse aux signaux de donnees et d'hor- 
loge sortis par ledit second moyen de boucle a 

10 verrouillage de phase. 

11. Module selon la revendication 10 dans lequel ledit 
moyen de convertisseur serie parallele comprend 
en outre un moyen de g6n6rateur d'horloge (447) 

is destine" a engendrer et a sortir une horloge de ca- 
dencement d'emission parallele multiphase, et un 
second moyen de registre a decalage (446), com- 
prenant un moyen d'attaque a logique transistor- 
transistor, ledit second moyen de registre a decala- 

20 ge comprenant en outre un moyen de detecteur de 
synchronisation d'octets qui permet que des octets 
entiers soient decharges depuis ledit second 
moyen de registre a decalage sans fragmentation, 
et ledit second moyen de registre a decalage en- 

2S gendrant et sortant des signaux de synchronisation 
d'octet. 

12. Module selon I'une quelconque des revendications 
10 a 12 dans lequel Pemetteur optique sur le pre- 

30 mier moyen de montage optique est un laser et la- 
dite carte comprend en outre un moyen de s6curite" 
(429) agissant pour assurer des niveaux de puis- 
sance optique surs dans ladite au moins une liaison 
de communication optique en duplex dans le cas 

35 oil une liaison donnee est rompue, et dans lequel 
ledit moyen de sdcurite agit en outre, pour pulser 
ledit au moins un laser suivant un rapport cyclique 
faible lorsque ladite liaison donnee est rompue et 
fait revenir ledit au moins un laser a une puissance 

40 continue si ladite liaison donnee est reconnected. 

13. Module selon la revendication 1 2 dans lequel ladite 
carte comprend en outre un moyen de detecteur de 
transition (448) et un moyen de detecteur de cou- 

45 rant continu (426), couples respectivement audit 
moyen d'amplificateur et auxdits recepteurs opti- 
ques, afin de ddtecter respectivement des niveaux 
minimum de lumiere en courant alternatif et en cou- 
rant continu entrant dans lesdits recepteurs opti- 

so ques, dans lequel ledit moyen de s6curit6 est cou- 
ple" audit moyen de detecteur de transition et audit 
moyen de detecteur de courant continu et fonction- 
ne en rgponse a un echec de I'un desdits moyens 
de detecteur pour d£tecter lesdits niveaux de lumie- 

ss re en courant alternatif et courant continu minimum, 
et dans lequel ledit moyen de securrte" agit egale- 
ment en r6ponse aux signaux de commande de 
moyen de security engendres a Pext§rieur de la car- 
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te, et agit en outre pour sortir un signal indicatif d'au 
moins une liaison inactive. 

14. Module selon Tune quelconque des revendications 
7 a 10 dans lequel ladite carte comprend en outre : 

(a) un premier plan de signal, situe sur une pre- 
miere surface de la carte, 

(b) un second plan de signal, situe sur une se- 
conde surface de la carte, 

(c) une pluralite de plans d'alimentation inter- 
nes et de masse, qui sont couples a et isolent 
electriquement ledit premier plan de signal du- 
dit second plan de signal. 

15, Processus de fabrication d'un module de commu- 
nication optique, comprenant une seule carte (101) 

. de liaison a fibre optique a double montage en sur- 
face multicouche, presentant une pluralite de con- 
vertisseurs (130, 131 monies sur celle-ci, destines 
a eflectuer des conversions entre des signaux elec- 
triques paralleles et des signaux optiques serie, 
dans lequel lesdits signaux optiques sont emis et 
recus par le module sur au moins une liaison de 
communication optique en duplex (495, 496), com- 
prenant les Stapes consistant a : 

(a) fabriquer un premier moyen de montage op- 
tique (105, 107), coupte electriquement a au 
moins I'un parmi ladite pluralite de convertis- 
seurs, comprenant au moins un emetteur opti- 
que a sortie axiale (205), qui est coup!6 opti- 
quement a ladite liaison de communication, et 
caract6ris6 en ce que ledit processus com- 
prend en outre I'etape consistant a 

(b) fabriquer un moyen de retenue (180, 181), 
destine* a maintenir ledit premier montage opti- 
que (105, 107) a proximite d'un bord de ladite 
carte (101) de facon a aligner ledit au moins un 
6metteur optique avec ledit bord et a faciliter la 
fixation des conducteurs dudit au moins un 
emetteur optique sur la surface de ladite carte. 

16. Processus selon la revendication 15 comprenant 
en outre Petape consistant a fabriquer un second 
moyen de montage optique (104, 106), comprenant 
au moins un r6cepteur (205) optique a sortie axiale 
destind a dStecter des signaux optiques serie en- 
tr6s a partir de ladite au moins une liaison de com- 
munication optique en duplex et a engendrer des 
signaux 6lectriques sdrie en reponse a ceux-ci, 
dans lequel ledit moyen de retenue (180, 181) fa- 
brique a I'etape (b) agit 6galement pour maintenir 
ledit second montage (104, 106) a proximite d'un 
bord de ladite carte de facon a aligner ledit au moins 



un recepteur optique avec ledit bord et a faciliter la 
fixation des conducteurs dudit au moins un recep- 
teur optique sur la surface de ladite carte, P6tape 
consistant a fixer les conducteurs dudit au moins un 
Emetteur optique et les conducteurs dudit au moins 
un recepteur optique, a la surface de ladite carte, 
et dans lequel ladite etape consistant a fabriquer le 
moyen de retenue comprend en outre P6tape con- 
sistant a encliqueter ensemble un montage de re- 
tenue/maintien a deux pieces qui, lorsqu'elles sont 
encliquet6es ensemble, procurent une entretoise a 
fentes destinee a maintenir lesdits premier et se- 
cond moyens de montage optiques, et dans lequel 
ladite etape consistant a fabriquer le moyen de re- 
tenue comprend en outre l'6tape consistant a mou- 
ler ledit montage de retenue/maintien a partir de 
plastique. 

17. Proc6d6 selon la revendication 16 dans lequel ladi- 
te etape consistant a mouler ledit montage de rete- 
nue/maintien produit des broches d'insertion et des 
barreaux afin de maintenir mecaniquement lesdits 
premier et second montages optiques sur ladite 
carte, des attaches en "J m souples et un moyen de 
separation qui facilitent la creation de montages 
multicarte, et un moyen pour isoler thermiquement 
ladite pluralite* de convertisseurs dudit au moins un 
emetteur optique. 
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